β-aminoisobutyric acid (BAIBA) has been studied in isolation conditions: in the gas phase and trapped into a cryogenic N 2 matrix. A solid sample of the compound was vaporized by laser ablation and investigated through their rotational spectra in a supersonic expansion using two different spectroscopic techniques: broadband chirped pulse Fourier transform microwave spectroscopy and conventional molecular beam Fourier transform microwave spectroscopy. Four conformers with structures of two types could be successfully identified by comparison of the experimental rotational and 14 N nuclear quadruple coupling constants with those predicted theoretically: type A, bearing an OH· · ·N intramolecular hydrogen bond and its carboxylic group in the trans geometry (H-O-C=O dihedral ∼180 • ), and type B, having an NH· · ·O bond and the cis arrangement of the carboxylic group. These two types of conformers could also be trapped from the gas phase into a cryogenic N 2 matrix and probed by Fourier transform infrared (IR) spectroscopy. In situ irradiation of BAIBA isolated in N 2 matrix of type B conformers using near-IR radiation tuned at the frequency of the O-H stretching 1st overtone (∼6930 cm −1 ) of these forms allowed to selectively convert them into type A conformers and into a new type of conformers of higher energy (type D) bearing an NH· · ·O=C bond and a O-H "free" trans carboxylic group.
I. INTRODUCTION
β-Aminoisobutyric acid (BAIBA) is a non-proteinogenic amino acid, whose occurrence in nature was established as early as in 1951. 1 It is a thymine and antiretroviral thymineanalogues zidovudine (AZT) and stavudine (d4T) catabolite, which has been found to increase fatty acid oxidation in liver and reduce the gain of body fat mass in mice. 2, 3 BAIBA is also a partial agonist at the glycine receptor (GlyR), competitively inhibiting glycine responses at low concentration. 4 It has been recently found that a common binding site for all amino acid agonists and antagonists exists in GlyR, at which the functional consequences of binding depend on the particular conformation adopted by the amino acid ligand within the binding pocket. 4 From the conformational point of view, BAIBA is extremely flexible, since it possesses four internal rotation axes that can give rise to conformational isomerism (Scheme 1). This characteristic can be relevant in determining physical and chemical properties, as well as the bioactivity of BAIBA. a) E-mail: nkus@anadolu.edu.tr. Telephone: +90-53-22086547. b) E-mail: dr.archnasharma@gmail.com. Telephone: +351-239-854483.
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Nevertheless, no conformational studies on BAIBA have been reported hitherto. In the present study, we focus on the identification of various conformers of BAIBA using different experimental spectroscopic techniques, supported by theoretical methods.
Microwave spectroscopy is a well-known technique for the identification and study of conformations of molecules by virtue of their rotational spectra. The development of Fourier transform microwave techniques in a molecular beam and laser ablation methods have made feasible to know in detail the shape of high melting point biomolecules. In this way, laser ablation molecular beam Fourier transform microwave spectroscopy (LA-MB-FTMW) has been proved to be particularly adequate to study amino acids, [5] [6] [7] [8] [9] [10] [11] [12] dipeptides, 13 nucleic acid bases, [14] [15] [16] neurotransmitters, [17] [18] [19] [20] and drugs. 21, 22 This field of research has been recently revitalized with the new setup of a broadband microwave spectrometer for chirped pulse Fourier transform microwave spectroscopy 23 laser ablation source, [25] [26] [27] which allows the rapid acquisition of the rotational spectra in a wide frequency range, making more efficient the search of different conformers in the jet.
On the other hand, the matrix isolation IR spectroscopic technique is also a powerful tool to probe molecular conformers. Unless the barriers for conformational isomerization are very low (a few kJ mol −1 ), in a matrix isolation experiment the conformational equilibrium present in the vapor of the compound under study prior to deposition of the matrix can be successfully trapped into the solid cryogenic sample. It is then in general easier to identify and characterize structurally the different conformers initially present in the gas phase equilibrium using infrared spectroscopy probing. In a cryogenic matrix, vibrational spectra show a higher resolution compared to other, more conventional, sampling techniques, and the spectra are very much simplified due to the fact that the trapped molecules are not interacting to each other (once the concentration of the matrix is low) and do not rotate nor diffuse. Hence, subtle spectroscopic differences due to conformational changes can be clearly noticed, and the identity of the various conformers present in the matrix established with certainty. [28] [29] [30] [31] [32] [33] [34] On the other hand, when the energy barriers separating different conformers are only of a few kJ mol −1 , conformational cooling can take place during matrix deposition leading to conversion of higher energy conformers into lower energy forms. In this case, the relative populations of the conformers trapped in the cryogenic matrix may differ substantially from those existing in the gas phase prior to deposition. [34] [35] [36] [37] The observation of conformational cooling thus provide important clues regarding the conformational dynamics, size of the internal barriers of rotation and relative order of stability of the conformers. [34] [35] [36] [37] Furthermore, it is in general possible to induce conversions between the matrixisolated conformers, either by annealing the matrix at a temperature above that at which it was deposited (favoring again lower energy conformers), or by in situ irradiation of the matrix with IR or UV/visible light. [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] In the present work, we used jet cooled supersonic expansions coupled with Fourier transform microwave spectroscopic techniques to identify different types of conformers of BAIBA. These conformers were then isolated in an N 2 matrix and characterized vibrationally by IR spectroscopy. In situ narrowband near-IR irradiations of the matrix-isolated BAIBA conformers were used to promote selective conformational conversions, leading both to change the relative populations of the initially present forms and to the production of a new type of conformers of higher energy, which is not initially present in the deposited gas phase sample. The interpretation of the experimental results received support from extensive theoretical calculations performed at different levels of approximation.
II. EXPERIMENTAL DETAILS

A. FTMW spectroscopy
The rotational spectrum of BAIBA was obtained using two different FTMW spectrometers constructed at the University of Valladolid. In both experiments BAIBA samples (R/S-3-aminoisobutyric acid) were prepared by mixing the powder of the solid (melting point = 179-182 • C) with a commercial binder. The mixture was pressed to form cylindrical rods, which were placed in a laser ablation nozzle 25 to be vaporized using the third (355 nm) harmonic (12 mJ per pulse) of a 20 ps Nd:YAG laser. Then, BAIBA molecules were seeded in the carrier gas, Ne at backing pressure of 15 bar, to expand adiabatically into the spectrometer cavity.
The first experiments were carried out using a chirped pulse Fourier transform microwave (CP-FTMW) spectrometer with a laser ablation source [25] [26] [27] operating between 6.0 and 18.0 GHz. An arbitrary waveform generator creates a chirped pulse, which is upconverted by a phase-locked dielectric resonator oscillator in a broadband mixer and amplified by a 300 W traveling wave tube amplifier. The amplified pulse is broadcasted into the vacuum chamber through one microwave horn, interacting with the vaporized molecules in the pulsed jet. Finally, the free induction decay (FID) captured by a second horn is amplified and digitized in a fast oscilloscope. The operation sequence starts with a molecular pulse of 1000 μs duration, using the pulsed valve source. After an adequate delay (∼950 μs), a laser pulse is used to vaporize the solid. To reduce sample consumption, four separate broadband rotational spectra were acquired in each injection cycle, with a 1400 μs delay since the origin of the molecular pulse. The individual broadband chirped pulses were separated by 18 μs. The rotational FID was detected for 10 μs following each 4 μs excitation pulse. To obtain the spectra for BAIBA within the 6-12 GHz range, 120 000 averages (30 000 cycles) were acquired. Since the sample injection system has a perpendicular arrangement relative to the microwave field, the transit time of the polarized molecular jet is quite short, and linewidths of the order of 100 kHz full-width-half-maximum (FWHM) are achieved.
The LA-MB-FTMW spectrometer, described in Ref. 44 , covering the frequency range of 4-10 GHz, was used to record the BAIBA spectra with the resolution necessary to analyze the hyperfine structure due to the presence of a 14 N nucleus in the molecule. The optimal conditions to polarize the molecules in the jet correspond to molecular pulses of about 1.1 ms, followed by MW polarization pulses of 0.3 ms duration with powers of 1-40 mW. The microwave transient FID was recorded for 100 μs in the time domain at 40-100 ns sample intervals and Fourier-transformed to the frequency domain. Due to the collinear disposition between the supersonic jet and the microwave resonator axis, all emission signals appeared to be split into Doppler doublets. The arithmetic mean of the doublets was taken as the rest frequency. The estimated accuracy of the frequency measurements is greater than 3 kHz. From 50 to 250 averages were phase-coherently coadded to achieve reasonable signal to noise ratios (S/N).
B. Matrix isolation FTIR spectroscopy
For the matrix isolation infrared spectroscopic studies, BAIBA was placed in a specially designed thermoelectrically heatable furnace assembled inside the cryostat. A slow sublimation of the compound (T = ∼150 • C) allowed for its easy deposition onto the cryostat CsI substrate kept at 13 K, together with a large excess of the N 2 host gas (N 2 :BAIBA molar ratio >1000) to guarantee good isolation of the compound.
The infrared spectra were registered with 0.5 cm −1 resolution, in the range 4000-400 cm −1 , using a Thermo Nicolet Nexus 670 FTIR spectrometer, equipped with a deuterated triglycine sulphate (DTGS) detector and a KBr beamsplitter. The near-IR spectrum for the studied sample was also recorded in the range 8500-4000 cm −1 , to determine the frequency of the νO-H overtone vibration of the compound. This was required to tune the laser-MOPO system at the proper frequency during the performed near-IR irradiation experiments.
The narrowband tunable NIR radiation used in the performed irradiation experiments was provided by a Quanta-Ray MOPO-SL optical parametric oscillator (FWHM ∼0.2 cm −1 , repetition rate 10 Hz, pulse energies between 3 and 10 mJ) pumped with a pulsed Nd:YAG laser.
III. RESULTS AND DISCUSSION
A. Model calculations: Characterization of the conformational space of BAIBA and of the most relevant intramolecular interactions present in the different conformers of the molecule
Theory was used to predict the molecular properties relevant to the investigation of the rotational and infrared spectra of BAIBA conformers. The theoretical calculations were first performed at the semiempirical AM1 45 level of approximation to find an extended set of low energy conformers of BAIBA. The 40 lowest energy conformers obtained by this procedure were subsequently re-optimized us-ing both the DFT/B3LYP [46] [47] [48] and MP2 49 methods and the 6-311++G(d,p) basis set, 50 with the GAUSSIAN 03 suite of programs. 51 In this way, 19 conformers were predicted with relative energies within 1000 cm −1 (∼12 kJ mol −1 ). This large number of low energy conformers reflects the richness of the conformational landscape of BAIBA. Each conformer was confirmed to be a local minimum in the potential energy surface by checking that its Hessian matrix did not have any imaginary eigenvalue.
The lowest energy conformers of BAIBA are represented in Figure 1 . Their relative energies, Gibbs energies and expected populations in gas phase at room temperature (∼25 • C) are provided in Table I . Note that BAIBA has two spectroscopically equivalent (both in the microwave and IR spectra) enantiomeric forms, so that the theoretical calculations considered only one of the enantiomers (R form).
In the present work, to name the relevant conformers of BAIBA they have been grouped in 4 different sets, differing in the conformation assumed by the H-O-C=O and C(=O)-C-C-N fragments: type A, with the carboxylic group in the trans geometry (H-O-C=O dihedral ∼180 • ) and the C(=O)-C-C-N moiety in a gauche arrangement, bearing a considerably strong stabilizing OH· · ·N intramolecular hydrogen bond; type B, with a cis carboxylic group and a gauche C(=O)-C-C-N fragment, leading to presence of an intramolecular H-bond of the NH· · ·O type; type C, also with a cis carboxylic group but showing an anti C(=O)-C-C-N moiety, without any intramolecular H-bond; and type D, with the trans orientation of the carboxylic group and a gauche C(=O)-C-C-N geometry, and bearing an NH· · ·O=C bond. Within each of the groups, the conformers were numbered according to their relative Gibbs energies (from the lowest to the highest energy, according to the average values obtained by the two methods of calculation used; see Table I ).
According to both B3LYP and MP2 calculations, the two conformers possessing the strong stabilizing OH· · ·N intramolecular hydrogen bond (type A) correspond to the first (A 1 ) and third (A 2 ) lowest energy ( E o ) forms. Note that in these conformers the arrangement of the carboxylic group is trans (H-O-C=O dihedral ∼180 • ), which is well-known to be intrinsically unfavored regarding the cis one (H-O-C=O dihedral ∼0 • ; observed in both type B and type C conformers of BAIBA) by ca. 10-20 kJ mol −1 . 43, [52] [53] [54] This fact then stresses the structural relevance of the OH· · ·N hydrogen bond in these two conformers. Moreover, it can also be noticed in Table I that, when entropy effect is taken into account (compare the relative Gibbs energies values with the E o data), the two A type conformers become destabilized compared to both B and C type conformers. Such entropyconnected relative destabilization is also a direct consequence of the presence of the strong OH· · ·N intramolecular hydrogen bond in type A conformers, which reduce the structural mobility in these forms. In consequence of this effect, in the gas phase equilibrium at room temperature (∼25 • C), conformer B 1 is predicted to be the most populated (lowest G o ) BAIBA conformer. The importance of entropy in determining the relative gas phase abundances of conformers of other similar molecular systems has already been pointed out before, e.g., for GABA, phenylalanine, tryptophane, and serine. 17, [55] [56] [57] The strong OH· · ·N intramolecular hydrogen bond in type A conformers leads also to other relevant unique characteristics of these two forms. First, it makes the energy barriers separating these forms from other conformers considerably larger than for conformers of types B and C, since a substantial amount of energy is required to break this hydrogen bond [the energy of the intramolecular OH· · ·N bond in BAIBA can be expected to be similar to that in β-alanine, where the barrier for internal rotation around the C-O bond counted from the most stable conformer bearing the OH· · ·N interaction was found to be of ∼50 kJ mol −1 ; 58 similar values for this barrier were also predicted for phenylalanine (∼50 kJ mol −1 ) 56 and glycine (∼65 kJ mol −1 ) 59 ]. Secondly, the νO-H stretching frequency in type A conformers must be noticeably lower than in all the other conformers, where the O-H group is not involved as a donor in any intramolecular Hbond. In third place, the trans arrangement of the carboxylic group required for the establishment of the hydrogen bond implies that the carbonyl bond has a larger double bond character than for the B and C type conformers (with a cis carboxylic group) 60 and, consequently, a higher νC=O stretching frequency (compared to some of the B type forms, this trend shall also be reinforced due to the involvement of the carbonyl oxygen atom as acceptor in the NH· · ·O intramolecular hydrogen bond in these latter forms). The trans carboxylic acid arrangement leads also to substantially larger dipole moments for A 1 and A 2 compared with those of type B and C forms. The dipole moment components of the different BAIBA con- Figure 1 ). Contrarily to the OH· · ·N bond present in A 1 and A 2 forms, the intramolecular NH· · ·O hydrogen bond existing in type B conformers is weak and its structural implications as well as its effects on the conformational dynamics can be expected to be of low importance. In consonance with this, only 3 conformers of B type (B 1 , B 2 and B 3 ) have a lower energy than the most stable C type conformer, which does not possess any intramolecular hydrogen bond. In addition, the entropy Table I ). The barrier to conformational isomerization presented in the figure does not take into account the zero-point corrections.
contributions to the Gibbs energies of both B and C type conformers are approximately equal (see Table I ), and the energy barriers interconverting B type conformers are small [as an example, Figure 2 , presenting the potential energy profile for interconversion between forms B 2 and B 3 by internal rotation around the C-C α bond is provided, showing a B 2 → B 3 barrier of 8.2 kJ mol −1 (6.3 kJ mol −1 in the reverse direction)].
Low internal rotation barriers around C-N, C-C α and C β -C α bonds have been reported for other amino acids. For example, barriers as low as 1.5 and 0.4 kJ mol −1 were found for internal rotations around the C-N and C-C α bonds in alanine, 59 while for phenylalanine these barriers were found to be in the ranges 5-12 kJ mol −1 and 7-13 kJ mol −1 , respectively. 56 For β-alanine, which is structurally closer to BAIBA, extensive calculations of the conformational isomerization barriers yielded upper limits for barriers around the C-N, C-C α , and C β -C α bonds of ca. 13, 8, and 13 kJ mol −1 , respectively. 56 As shown in detail below, both the relative structural rigidity of conformers of type A, ensured by their strong intramolecular OH· · ·N bond, and the conformational flexibility of type B and C conformers were found to be of fundamental importance in determining the spectroscopic properties exhibited by BAIBA in the microwave as well as in the matrix isolation infrared studies described in Secs. III B and III C.
B. Rotational spectra: Experimental identification and characterization of the 4 lowest energy conformers of BAIBA
Experiments with the CP-FTMW spectrometer were used to record the 12 GHz broadband rotational spectrum of BAIBA from 6 to 18 GHz (Figure 3 ). The analysis of this spectrum has been carried out using the jb95 program package. 62 It was easy to distinguish two sets of progressions composed for three intense μ a -R-branch transitions with J angular momentum quantum number ranging from 2 to 4, revealing the presence of two conformers, designated here as 1 and 2. The rotational signature of a third conformer, labeled as 3, was identified in the spectrum from the measurements of very intense μ b -R-branch transitions. Some additional small μ a -R-branch lines could be assignable to a fourth conformer (4) .
BAIBA possesses one 14 N nucleus (I = 1) with a nonzero quadrupole moment, which interacts with the electric field gradient created at the site of the N nucleus by the rest of molecular charges. This interaction leads to the coupling between the 14 N nuclear spin (I = 1) and the overall angular momentum, giving rise to a hyperfine structure in the rotational spectrum. As shown in Figure 3 , the resolution attained with the CP-FTMW technique is not sufficient to analyze this hyperfine structure, due to the perpendicular arrangement between the supersonic jet and the microwave beam. For this reason, BAIBA rotational spectrum was also probed by using the subdoppler resolution of our LA-MB-FTMW spectrometer. This made possible to resolve the hyperfine structure for all observed conformers. Figure 3 (top right inset) shows, as an example, the hyperfine structure of the 3 03 -2 12 transition with the quadrupole components labeled for the most abundant form.
All the measured quadrupole coupling hyperfine components for the different rotamers (collected in Tables S-II to S-V of the supplementary material) 61 were fitted using a semirigid rotor Hamiltonian H R (A) , 63 supplemented with a H Q term to account for the nuclear quadrupole coupling contribution. 64 The Hamiltonian was set up in the coupled basis set I + J = F and diagonalized in blocks of F. The energy levels involved in each transition are thus labeled with the quantum numbers J, K −1 , K +1 , F. The experimentally determined parameters are: the rotational constants (A, B, and C) , which provide information on the mass distribution of each conformer, and the quadrupole coupling constants (χ aa , χ bb , and χ cc ), which yield information about the electronic environment of the 14 N nucleus. All those constants for the observed conformers are given in Table II. Conformational identification of the observed rotamers has been achieved by comparing the experimentally determined molecular properties of Table II with those predicted ab initio of Table S-I. 61 The rotational constants provide information on the mass distribution of each rotamer and are normally conclusive in the conformational assignments. However, as can be seen in Tables S-I 61 and II these experimental parameters of each rotamer are compatible with those predicted for more than one conformer of BAIBA, and the identification of each rotamer as a particular conformer cannot rest only on the rotational constants. Otherwise, the quadrupole coupling constants are very sensitive to the chemical environment around the 14 N nucleus and to the NH 2 group orientation with respect to the principal axis system. In N-containing compounds, they have proven to be of extraordinary value for conformer/tautomer identification, allowing the discrimination between species with very similar molecular shapes, and therefore very similar rotational constants. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Comparison of the quadrupole coupling constants of Tables S-I 61 and II leads to the definitive identification of the observed rotamers 1, 2, 3, and 4 to the low energy conformers A 1 , A 2 , B 1 , and B 2 , respectively.
Relative intensity measurements were done on different transitions of the three assigned conformers in order to roughly estimate their relative abundances in the supersonic jet. 5, 65 The relative abundances of the conformers in the supersonic expansion are the result of a series of processes that include the laser-vaporization of solid BAIBA, the seeding of BAIBA molecules in the region where the laser ablation plume and the carrier gas stream cross each other, and the collisional cooling occurring in the subsequent supersonic expansion. Laser ablation is a complex process that may result in high translational temperatures and collisionally induced vibration and rotational cooling. The relative population of the different conformers would be brought close to that of thermodynamic equilibrium at the temperature of the carrier gas only if a high collision rate exists in the seeding region. During the expansion, collisional relaxation of higher energy conformers to lower energy conformers may occur.
The population ratios estimated for the observed BAIBA conformers follow the order B 1 A 1 > A 2 , with the population of B 2 being also very small compared to B 1 and A 1 , but difficult to quantify relatively to A 2 , due to the large differences between the dipole moment components of these two less abundant forms (see Table II ). The experimental observation of only conformers A 1 , A 2 , B 1 , and  B 2 in the rotational spectra of BAIBA contrasts with the predicted equilibrium populations for the gas phase (see Table I ), which indicated that the populations of A 1 and B 1 should be nearly the same under equilibrium conditions and that other conformers (in particular, conformer B 3 ) might also had enough population to allow for their experimental observation.
The experimental results can, however, be explained assuming a high collision rate in the seeding region leading to near equilibrium, followed by selective collisional relaxation, in the supersonic expansion, of conformers of types B and C. As discussed before, these conformers show a high conformational flexibility due to their low energy barriers for conformational isomerization. Conformational relaxation through specific low-barrier interconversion pathways in the potential energy surface may then occur by collisions with the inert carrier gas in the early stages of the expansion. Investigations carried out in systems with a single torsional degree of freedom estimate barrier thresholds about 5 kJ mol −1 , 66 though larger barriers (∼12 kJ mol −1 ) have been proposed in systems with several degrees of freedom. 67, 68 Conformational relaxation was previously proposed in jet-cooled rotational studies of glycine, 59 alanine 5, 59 and other amino acids 6, 7, [9] [10] [11] [12] to rationalize the non-observation of conformers bearing weak intramolecular hydrogen bonds of N-H· · ·O type. In the case of BAIBA, since conformer B 1 is the most stable among all B and C conformers, its population increased very much due to the conformational relaxation, while conformer B 2 (the second most stable among B and C forms) could still survive in the jet with a minor population.
On the other hand, the high energy barriers separating the two A type conformers from the other conformers make the conformational relaxation inefficient in these cases, so that the populations of forms A 1 and A 2 detected in the microwave spectra shall correspond to those present in the quasiequilibrium seeding region.
It shall be also noticed that all B and C type conformers of BAIBA have predicted values of the dipole moment components quite low, making difficult their experimental observation. This factor, in combination with conformational relaxation, may result in intensities of rotational transitions for the eventually surviving residual population of these conformers to be below the sensitivity limit of the used instrumentation. On the other hand, conformer A 2 could be easily detected in the supersonic expansion despite its expected lower population, in consequence of the high value of its μ a dipole moment component (predicted value: 6.4 D).
C. Matrix isolation infrared spectra: The vibrational signature of A and B type conformers of BAIBA and the near-IR induced B 1 → A 1 and B 1 → D 1 conversions
In the matrix isolation infrared studies, a solid sample of BAIBA was sublimated (T = ∼150 • C) in a mini-oven assembled inside the cryostat. Vapors of the compound were co-deposited with a large excess of N 2 onto a CsI cooled down to 13 K. The obtained spectrum of the as-deposited matrix is shown in Figure 4 .
As it can be noticed in Figure 4 , most of the bands observed in the spectrum exhibit multiplet structure. These multiplets can result from contributions of several conformers or be a consequence of trapping of the same species in different matrix sites (site splitting). 34 To differentiate between the two possibilities is not easy in the present case, because of the extensive structural similarity of the conformers belonging to a given group (A, B, C) , which can be expected to lead to small frequency shifts of the order of magnitude of those resulting from site splitting, and also because in both cases temperature variation may lead to intensity redistribution of the different band components. Hence, the presence in the matrix of various conformers within each group cannot be excluded.
However, the results discussed in Secs. III A and III B indicated that in BAIBA conformational cooling is an easy process, in particular in case of the conformers of types B and C. In a matrix isolation effusive experiment, the vapor being deposited is at equilibrium at the temperature used to sublimate the compound (in the present case of ∼150 • C), and conformational cooling occurs during the landing of the hot gaseous beam onto the cooled (13 K) optical substrate of the cryostat. Energy dissipation is assisted by the lattice phonons. Extensive conformational cooling can then take place during deposition of the matrix in case of BAIBA conformers separated by small energy barriers, like those belonging to groups B and C. Accordingly, it seems most probable that BAIBA exist in the as-deposited matrix mainly as the A 1 and B 1 conformers, the latter resulting from extensive conformational cooling during deposition of conformers of B and C types. Conformer A 2 shall also be present in the matrix, but its expected low population (see Table I ) and the close similarity of its infrared spectra with that of the major A 1 conformer precludes its experimental identification. The same may also be stated in relation with conformer B 2 , though this conformer most probably also converts to B 1 during deposition of the matrix.
The discrimination between the bands originated in A 1 and B 1 conformers could not be done by annealing of the matrices within the accessible temperature range (above ca. 30 K the matrix started to deteriorate and molecular diffusion initiated, so that BAIBA aggregates started to contribute to the spectrum significantly). However, analysis of the νO-H stretching region of the spectrum of the as-deposited matrix allowed for a clear identification of the bands due to this vibration in the two conformers. The band due to B 1 , where the OH group is not participating in any hydrogen bond as donor, is observed at the typical frequency of a "free" νO-H stretching mode of a monomeric carboxylic group, i.e., at ca. 3550 cm −1 . On the other hand, the νO-H vibration of the O-H· · ·N hydrogen bonded conformer A 1 gives rise to the very broad band with maximum absorbance at ca. 2700 cm −1 (which shall also contain a minor contribution from A 2 ). Other modes mainly localized in the carboxylic moiety were predicted by the calculations to give rise to intense infrared bands appearing at quite different frequencies in A 1 and B 1 . For example, in A 1 the νC-O/δCOH mixed modes are predicted to occur at 1466 and 1211 cm −1 , with intensities of 248.9 and 97.4 km mol −1 , respectively, while the same vibrations in B 1 are predicted at much lower frequencies, 1293.3 and 1115.1 cm −1 , with intensities of 3.9 and 189.8 km mol −1 . The two bands of the A 1 form and the intense one of the B 1 form appear in spectral regions where no other intense bands are predicted by the calculations, and could be easily ascribed to the features observed in the 1470-1460 cm −1 range, 1213 and 1115 cm −1 , respectively. Nevertheless, the full assignment of the spectrum to the two major conformers A 1 and B 1 was made possible by means of the performed near-IR irradiation experiments, as described below. The assignments are provided in Table S -VI, 61 where the observed frequencies are correlated with the corresponding calculated ones for the two conformers.
In the near-IR spectra of BAIBA, the first overtone of the νO-H vibration of the B 1 conformer was observed in the 3930-3940 cm −1 range as a site-splitted multicomponent band. On the other hand, as for the fundamental vibration, the νO-H overtone of the A 1 conformer shall give rise to a very broad band at much lower frequency. Together with the low intensity expected for the overtone, the broadness of the band precludes its experimental observation (it appears "diluted" in the baseline). Once the position of the νO-H overtone of B 1 was experimentally determined, irradiations of the matrixisolated BAIBA at selected frequencies within the envelope of the band were performed.
As previously observed for other molecules containing the O-H moiety, [41] [42] [43] selective vibrational excitation of the FIG. 5. Difference IR spectrum (near-IR irradiated BAIBA:N 2 matrix at 6930 cm −1 minus as-deposited matrix) (top), compared with the difference simulated spectrum for conformers A 1 (bands pointing up) and B 1 (down) (bottom). In the simulated spectrum, bands were represented by Lorentzian profiles having a full-width at half maximum (FWHM) of 2 cm −1 centered at the calculated frequencies scaled by 0.993 (below 1650 cm −1 ), 0.965 (above 1650 cm −1 ) and 0.945 (νO-H and νNH 2 stretching modes). Note that even after the applied scaling the calculated νO-H frequency in the O-H· · ·N hydrogen bonded conformer A 1 is considerably overestimated (as evidenced by the arrow). The most characteristic new bands emerging upon irradiation are marked with a red asterisk, and are ascribed to conformer D 1 (see text and Figure 6 ).
first νO-H overtone of the B 1 conformer of BAIBA allowed to promote the internal rotation of the O-H group and convert this conformer into other conformers. Note that the energy of the exciting photons is of ca. 50 kJ mol −1 , i.e., above to the height of the barrier of internal rotation which converts the cis carboxylic group existing in conformer B 1 , into a trans carboxylic group. As shown in Figure 5 , the performed irradiations led to major conversion of conformer B 1 into conformer A 1 , which implies also that a simultaneous internal rotation around the C-C α bond takes place (see Figure 1) . Indeed, the spectra of the reactant and product conformers fit very well those predicted for B 1 and A 1 .
Very interestingly, in the spectrum of the irradiated matrix a set of new bands, of low intensity, appeared that were absent in the spectrum of the as-deposited matrix. This ob- The spectra shown correspond to consecutive irradiations. Profile in black is obtained after subtracting spectrum of the freshly deposited matrix from that obtained after irradiation 1 (λ = 6939 cm −1 ); profile in blue is the result of subtraction of the spectrum in black from the one obtained after irradiation 2 (λ = 6920 cm −1 ); and the one in red is obtained after subtracting the blue spectrum from the one obtained as a result of irradiation 3 (λ = 6930 cm −1 ). 43, 69 It can then be proposed that, though most of the B 1 molecules convert to the A 1 form upon excitation of its first νO-H overtone by simultaneous rotation around the C-O and C-C α bonds, some of them undergo only internal rotation about the C-O bond, producing the highenergy conformer D 1 (as represented in Figure 6 ), whose predicted infrared spectrum fits well the observed new bands appearing upon near-IR irradiation (see Figure 5 ). Note that the calculated relative energy of D 1 amounts to E • = 23.8 kJ mol −1 , which justifies the relative small amount of this form detected in the irradiated matrix (either by its comparatively inefficient production-higher barrier than for the simultaneous internal rotation around the C-O and C-C α bonds leading to formation of A 1 -or resulting from its fast relaxation to A 1 ). Another interesting observation was that the conversion of B 1 into A 1 (and, presumably also to D 1 ) was found to be site selective. In fact, as shown in Figure 7 , irradiation at a band-site-component in the B 1 νO-H overtone region depopulates only the fraction of molecules of B 1 giving rise to a specific band-site-component in other spectral regions (e.g., the νO-H or νC=O fundamental regions). Such selectivity of the conformational conversions resulting from near-IR excitation of matrix-isolated molecules has already been observed previously, for instance in formic and acetic acids. 43, 69 
IV. CONCLUSIONS
The molecular shape of BAIBA has been investigated for the first time in isolation conditions: in the gas phase and trapped into a cryogenic matrix. Four different conformers of this amino acid, corresponding to two type A (OH· · ·N) forms (A 1 , A 2 ) and two type B (NH· · ·O) forms (B 1 , B 2 ), have been observed in the gas phase using Fourier transform microwave techniques. Unambiguous identification of the conformers has been possible by comparing the accurate experimental rotational and nuclear quadrupole constants with those predicted in vacuo. These results detail the success of the CP-FTMW combined with LA-MB-FTMW technique in the study of solid compounds and unraveling conformational species even when they present small structural changes.
Matrix isolation of the compound allowed identifying the vibrational signatures of B 1 and A 1 /A 2 as well. Narrowband selective near-IR pumping of conformer B 1 , through vibrational excitation of its O-H stretching 1st overtone (∼6930 cm −1 ) allowed to selectively convert this form into conformer A 1 as well as into a new conformer of high energy (D 1 ) bearing an NH· · ·O=C bond and a O-H "free" trans carboxylic group.
The relative abundances of the experimentally observed conformers, both in the jet and isolated in the matrix were explained by taken into account conformational cooling effects due to collisional relaxation, in the first case, or due to excess energy dissipation upon the landing of the molecules onto the cooled matrix substrate, in the second. These effects led to selective relaxation of the conformationally more flexible higher energy B and C conformers to the most stable form(s) belonging these groups (B 1 , B 2 , in the case of the microwave experiments; presumably only B 1 in the case of the matrix isolation experiments).
Interpretation of the experimental results was supported by an extensive series of theoretical calculations of the potential energy landscape and conformers' relevant properties performed at both DFT(B3LYP) and MP2 levels of theory with the extended triple-ζ split-valence 6-311++G(d,p) basis set.
